Infection with the retrovirus, human T-lymphotropic virus type III/lymphadenopathy-associated virus (HTLV-III/ LAV), now known as human immunodeficiency virus (HIV), results in a wide spectrum of clinical manifestations, ranging from asymptomatic states to the severest disease forms associated with the acquired immunodeficiency syndrome (AIDS) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . This virus infects preferentially T lymphocytes bearing the T4 antigen and also seems to exhibit preference for cells, especially macrophages, of the central nervous system (13, 14) . Among the immunological disturbances resulting from infection with HIV, hypergammaglobulinemia appears to be a consistent finding in adults as well as in most children (5, (15) (16) (17) . The presence of antibodies to HIV in serum is considered to be a hallmark of this infection. In this report four infants are described in whom HIV infection was documented by positive virological cultures; they also exhibited profound hypogammaglobulinemia and did not produce HIV antibodies. These infants were born prematurely and had illnesses characterized by severe and progressive neurological disease. Although the protective role of HIV antibodies has not been established, these observations suggest that severe hypogammaglobulinemia that develops in infants with HIV infection may be a bad prognostic feature. Furthermore, neurological complications occur and appear to be severe in such hypogammaglobulinemic infants.
MATERIALS AND METHODS
Study Subjects, The four patients described herein were each born prematurely between 26 and 30 weeks of gestation (Table 1) . Two infants (patients 1 and 2) were born to HIV antibody-positive, asymptomatic mothers; the first was an intravenous drug user, and the second probably had sexually acquired the infection. The other two infants (patients 3 and 4) were born to healthy mothers. The HIV serology was negative on both parents in each of the latter infants who had, however, been given repeated transfusions in the neonatal period prior to availability of HIV antibody screening. These infants were presumed to be infected by HIV-infected blood transfusions; the blood donor of patient 3 was subsequently proven to have an HIV infection.
The clinical manifestations in the four patients are recorded in Table 2 . Patient 1 became symptomatic between 7 and 8 months of age. Patient 1 was followed from birth, and patients 2, 3, and 4 were followed from the ages of 5, 8, and 10 months, respectively. Patient 
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Laboratory Methods. Serologic testing for HIV antibodies was performed by immunological blot analysis (18) . Specifically, the presence of the anti-p41 antibody to HIV was considered as evidence of HIV infection. HIV cultures were performed on peripheral blood lymphocytes of all four patients and on cerebrospinal fluid of patient 4. For these studies, lymphocytes from peripheral blood or cerebrospinal fluid were cultured with phytohemagglutinin, grown in the presence of interleukin 2-stimulated lymphocytes, and subsequently cocultivated with an uninfected clone of the H-9 cell line, as previously described (19) . Virus production in the infected cell clones was monitored by assaying for reverse transcriptase activity in culture supernatants and by electron microscopy. In patient 1, tissues obtained at autopsy from brain and lung were cultured for HIV; the virus was isolated from primary cultures of lung tissue and was propagated in peripheral blood-derived macrophages of normal donors (20) . Virus expression was tested by an immunofluorescence assay using a monoclonal antibody to p17 and by measurement of reverse transcriptase activity (20) .
T and B lymphocytes, and cells of the major T-cell subsets that bear T4 or T8 antigens on their surfaces, were quantified in whole blood using monoclonal antibodies (Ortho-immune and Coulter clone reagents) and flow cytometry (21 tBiopsy-proven lymphocytic interstitial pneumonitis.
Quantitative serum immunoglobulin levels were determined by radial immunodiffusion. RESULTS Serum immunoglobulin levels and results of HIV antibody testing are shown in Table 3 for all four infants. In patients 1 and 2, serum IgG levels were within normal limits for age at 1 and 5 months, respectively, but they were decreased at 3 months of age in patient 1 and at 7 months of age in patient 2. Patients 3 and 4 had reduced IgG levels at the time of presentation (i.e., at 8 and 10 months of age, respectively). Patients 1 and 2, who were initially positive for HIV antibody, became negative after 6 months of age. It is presumed that the antibodies in the infants' serum were passively transferred to the infants from their HIV-positive mothers. Patients 3 and 4 were negative for HIV antibodies when they were first tested at 8 and 15 months of age, respectively. Serum IgA levels were ultimately low in all four patients. Serum IgM levels were elevated in patients 2 and 3 at the time of initial diagnosis and became low after 14 months of age. Sometime during the course of the disease, three of the patients had low levels of IgM. The fourth patient, patient 2, had elevated or normal IgM levels early in life; these levels dropped in subsequent months, but they were still in the normal range prior to death.
All of the children were treated with intravenous gamma globulin (IgG) for their hypogammaglobulinemia as described above.
HIV was isolated from peripheral blood lymphocytes of patients 2, 3, and 4 and from cerebrospinal fluid of patient 4. In patient 1, virus was also isolated from autopsy material in lung macrophages as described above (20) . Table 4 summarizes the results of analyses of lymphocyte surface markers. Absolute lymphocyte counts were decreased in two patients, and a depression in the number of T4 cells, with absolute counts less than 400/mm3, was noted in three of the four patients. The T4/T8 ratios were less than 1.0 in all four infants. B-cell numbers, which are usually increased in HIV infection, were decreased in each of the three infants tested. Results of immune testing are summarized in Table 5 . Functional lymphoproliferative responses to the phytomitogens phytohemagglutinin, concanavalin A, and pokeweed mitogen were severely depressed in two infants (patients 1 and 2), and response to concanavalin A was depressed in patient 3. Normal proliferative responses were observed in patient 4 at the time of testing. this report, we describe four infants with HIV infection, who developed severe hypogammaglobulinemia and were HIV antibody-negative to this virus, although they were clearly (25) . Furthermore, hypogammaglobulinemia has been encountered in association with selective T-helper cell immunodeficiency in patients with severe combined immunodeficiencies or common variable immunodeficiencies (26, 27) . Thus, it seems quite possible that the hypogammaglobulinemia seen in these infants may be attributable to profoundly defective functions of T-helper cells, defective T cell-B cell interactions, or even deficiencies in the function of B cells themselves (24) .
In regard to the B-cell pathology in HIV infection, it has been shown already that proliferating B cells infected with another virus can grow the HIV (28). It is possible that different subpopulations of B lymphocytes react differently to the influence of the virus; some are stimulated while others are inhibited. Even in the absence of direct infection of B cells by HIV, different components of the HIV might indirectly exert either stimulatory and/or inhibitory influences (29) . In fact, two patients reported herein, in spite of having low levels of serum IgG, had high levels IgM at some time during the first year of life. This recalls the dysgammaglobulinemia first described with virus infections in patients with the in utero infections caused by the rubella virus (30, 31) . The infants described herein also had a paucity of B cells, which is unusual in patients with HIV infection. This abnormality in B-cell numbers was unrelated to the mode of acquisition of the HIV infection-i.e., whether it occurred as a consequence of in utero infection or after birth. It is possible that in the premature infant infected with HIV the B lymphocytes, which are characteristically immature in the newborn period (32, 33) , are more readily compromised in their development than at a later time in life. Only further studies will ascertain just how and in what cells the primary influence of the virus to inhibit the development of a normal capacity for immunoglobulin production is exercised.
Accumulating clinical, pathological, and virological evidence has firmly established the neurotropic potential of HIV (3, 13, 14) . In brain tissues of AIDS patients, HIV sequences have been demonstrated by Southern blot analysis of host cell DNA. Further, HIV messenger RNA has been detected by in situ hybridization (13) . In a recent study, Popovic and coworkers (20) series (34) . As yet, an association between hypogammaglobulinemia and tropism of the HIV for macrophages has not been described. It is possible that monocyte dysfunction might further contribute to the failure of the development of a normal capacity to produce antibodies in such patients. An additional concurrent viral infection might be responsible for the CNS disease observed in these children. This is, however, an unlikely possibility, but it is one that cannot be conclusively ruled out in each ofthese patients because of the hypogammaglobulinemia and consequent absence of serological responses that otherwise might be expected-for example, toxoplasma, rubella, cytomegalovirus, or EpsteinBarr virus. However, cerebrospinal fluid cultures in one patient were negative for cytomegalovirus and also were negative for other herpes or enteric viruses and, at the same time, were positive for HIV. The presence of HIV in the cerebrospinal fluid of patient 4, the autopsy findings of the brain in patient 1, and the radiological and clinical abnormalities of the brain in all these patients raises the likelihood that a primary HIV infection involving the brain has occurred in all four of these children. The mechanism whereby such an infection would result in intracranial calcifications is as yet unclear, but this finding should be included in the pathologic features of HIV infection.
Thus, these patients who were infected with HIV virus very early in life present evidence both of a threatening neurotropism of the HIV virus, especially for very young children, and challenging new evidence of the complexity of the lymphoid cellular involvement in this disease, which now must be recognized as potentially leading to hypogammaglobulinemia or agammaglobulinemia. Although a protective role for HIV antibodies has not been conclusively established, the absence of such antibodies in the cases described herein was associated in each instance with rapidly progressive clinical deterioration. A heightened awareness of HIV seronegativity occurring as a consequence of hypogammaglobulinemia has important consequences for the serodiagnosis of HIV infection in children.
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